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PREFACE

Introductory

The Sphutacandrapti of the renowned mediaeval astronomer of
Kerala, Madhava of Sangamagrama (c. A.D. 1340-1425), critically
edited here for the first time, enunciates an ingenious method for
the computation of the True Moon. Besides being the fastest graha,
the Moon has also the maximum changes in its motion, with the result
that its position if calculated on the basis of its position at sunrise
and/or at sunset and its average motion for the day would give only
rough results. Madhava describes in the present work the construction
of a Chart from which the True Moon could be read out at intervals
of about 40 minutes e¢ach throughout the day. The Chart is also so

designed that, with minor changes, it could be used for the succeeding
days as well.

The Present Edition

The critical edition of Sphutacandrapti, presented in the
following pages, is based om its only available manuscript. For
facilitating the comprehension of this technical treatise, an English
rendering has been added on pages facing the text. In the foot-
notes to the edition, an endeavour has been made to derive the several
formulae enunciated by the author for the computation. The
principles underlying the method have been set out in detail in the
Introduction that follows this Preface. A concrete example has also
been worked out in order to demonstrate the calculations.

Moon-sentences

For ensuring accuracy in the above, it is essential that the daily
motion of the Moon used for the calculations is very accurate. The
Moon-sentences of Vararuci, which are ordinarily used in Kerala
astronomical practice,! are correct only to the minute and so can give
only rough results. M3adhava has, therefore, computed in place of
the above, more sophisticated Moon-sentences, correct to the second,
for nine anomalistic cycles of the Moon (248 days) and set them out

N ———

1. For a critical edition of these Moon.sentences called Girnah s$reyadi
Candravakyani Vararuci-krtani, see Vakyakarana, (Cr. ed. by T.S. K. Sastri
and K. V. Sarma, K.S. Res. Inst, Madras-4, 1962), App. I, pp. 125.34.
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in the form of a Table. A critical edition of this Table, which begins

with the sentence Silam rdjiiah sriye, has been added to the present
edition as Appendix 1.

Yerification of the Sentences

The said Moon-sentences are ad hoc mnemonic expressions,
independent of each other and having no contextual sequence. Quite
often, they do not have any logical sense either. This nature of these
sentences, apart from creating conditions for errors to creep in, also
debars the correction of such errors with reference to the context or
grammar. The same holds good mutatis mutandis in the verification
of doubtful readings. Two methods have been enunciated in the
manuscripts of these Sentences for the correction of errors and
for the clarification of doubts. These methods have been duly
noticed at the close of the edition of the Sentences and have been
demonstrated by concrete examples.

Manuscript Material

Text : The present edition of Sphutacandrapti is based on its
only available manuscript which originally belonged to the collection
of the Nampitiri brahman house of Kutallur Mana in S. Malabar
(Kerala) and is now deposited in the Kerala University Oriental
Research Institute and Mss. Library, Trivandrum, as its Ms. No. 1055-
A, The work is inscribed in Malayalam script on the first two folios
of this palm-leaf codex of Jyotisa works, 104" x2{", with 11 lines a
page and about 45 letters per line. The mansucript is old and slightly
damaged and the edges are all frayed. The writing is small, clear
and inked. It has passed through the hands of a revisor whose
corrections can be identified by their not being inked. The text
presented is generally correct and free from errors. Besides the
Sphutacandrapti, which is catalogued as A, the codex contains the
undermentioned works : B. Muhartadipaka by Nirayana, son of
Ke$ava ; C. Muhartaratna by Govinda; D. Acarasangraha by
Parameévara ; E. Sodasakriyavidhi ; F. Muhartapaicasika ; G.
Acaradars$ana and H. Muhurtdstaka.

Moon-Sentences : The edition of Miadhava’s Moon-sentences
(Viliptadi-Candravakyani) is based on four independent manuscripts,
called here A, B, C, D, all in palm-leaf, inscribed in Malayalam
script. Of these, A, which is taken as the standard in this edition
on account of its textual purity, and C belong to the Oriental
Research Institute and Manuscripts Library, Kerala University,



" PREFACE o 9

Trivandrum, being Mss. Ncs. MC. 595-A (catalogued as Viliptadi
vakyanngal) and C. 2297-C, an uncatalogued stray leaf at the
end. Ms. B belongs to H. H. The Maharaja’s Palace Collection,
Trivandrum, and is inscribed on a few stray uncatalogued leaves
at the end of Ms. No. 4116, Drgganitakrama. Ms. D occurs as the
third work in a codex of astronomical works beginning with the
Paiicabodha preserved in the private collection of Elamprakkotattu
Mana, Eravoor (near Tripunithura, Cochin) and carries the inscription
‘Kuatallar Meletattu Padicabodhadi’ indicating that it originally be-
longed to the Namputiri house of Kutallur Meletattu in S. Malabar.

Mss, A, B and D are complete, while C breaks off in the middle
of the 31st vakya, the rest of the leaves being lost. All the manus-
cripts exhibit minor differences from one another and sometimes
preseat entirely different vakyas, but to the same import. Possibly,
these variants go back to the author himself.

Appendices II and III

In continuation of the Sphutacandrapti, the text manuscript
contains two short tracts. The first depicts the Yuga-bhoga-dhruvas.
(Zero-corrections per acon) of the planets correct to l/60th of a
second. These verses, have been taken from the Grahacaranibandhana
of Haridatta! and seem to have been extracted here for some practical
use an account of their forming an independent unit.

The second tract, which is more interesting, sets out large
chunks of full days, ranging from 16,45,705 to 248 with their dhruvad
for the Moon correct to the second. These are obviously intended
for the subtraction of days in chunks and correction of the results
by the application of the corresponding dhruvas in the computation
of the Moon. The dhruva of the last of these chunks, viz. 248
(devah prajiio nunam), is given as 0r—27°—43"—-29", the mnemonic
sentence therefor being dhiro’lam bhasuro jiiani. This mnemonic
resembles closely the corresponding mnemonic of Madhava’s Moon-

sentences, which reads as dhiragir bhasura,? indicating the possibility
of common authorship.

Both these tracts have been included in the present volume as
Appendices II and III, in the form of Tables, with the numencal
figures of the sentences duly set out against them.

Ol e———
1. Cr. ed. by K.V. Sarma, (K. 8. Res. Inst., Madras-4, 1954), pp:-34;-
2. See Appendix I, below,

Sphupp2
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Sphutacandrapti and Venvaroha
The well-known Venvaroha of the author' deals with the same
subject as the present work, butin a better organised manner. It
incorporates most of the verses of the present work, often in an
improved form. It seems very likely that the author wrote the present
work first and recast it later as Vepvaroha.  This deduction is
substantiated from another source. Now, in the present manuscript
after the natural closing of the work with the verse §ilam rajitah Sriye
etc , are found, in continuation, the following lines :
‘wird SRfAfT a7 MFEE  AIATFAR
sgaraagm[a ] eng ‘warragntaay i
fgemn fcanas ufnwzefegee faggas
ATHRATANTG AFAFIFCIG qIHAA |
warcatafamiserd AV §F T9: |
afFstcfador gategeqiEaariTa N
- godaft gdemig man @1 e feaan
quandEaTER@ISIsa) sqeal SWERANY gAN 1
eitsageaadteqes g fagaar afq
fradigaaeara;  afegla  aseasl o
e AT TGE: A FATLSASERT TR TG |
‘A FIFY qAAEe Tad wwmiE /g 23 0
‘e ‘@' a1 agrEadead: |
mrAgeaTAl GWT W1 SHAIE |

qureq  SorqiERAf  &TEA WIGRISTEA: |l
(corrected to wrgasfen &)

It may be seen that some of these lines are repetitions of earlier
lines revised in the form in which they occur in the Venvaroha ; some
of the lines depict new ideas not found in the present work, but
pertinent to it and also find a place in the Venvaroha, thus confirming
the suggestion that the Venvaroha in 75 verses is a revised version of
the present work in 51 verses.

1, Cr, ed. by K.V. Sarrma, (Tripunithurs, 1956), with the Mglayalam
commentary of Acyuta Plekraii,
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Venviaroha Method for the Moon

The facile method enunciated by Madhava for the computation
of Moon seems to have caught the fancy of later astronomers who
have pursued it further. They used fresh dates and revised figures
for calculations and extended the method by introducing inno-
vations with a view to securing greater accuracy. It has been possible
for the present writer to identify the undermentioned texts of this
genre, which are mostly anonymous.!

1. Drg-Venvarohakriya, in 14 verses, beginning with venvaroha-
kriya seyam drsanitd’tra likhyate, an uncatalogued anonymous tract
found inscribed on ff. 163-65 of Ms. 5867 of the Kerala University
Oriental Res. Institute, Trivandrum. '

2. Venvarohistaka by Putumana Somayaji, in 8 verses beginning
with ‘rakso’yam kruddhitasyo’nita-kalidivasat, again an uncatalogued
tract found in three folios towards the close of Ms. 404 of the said
Institute.

3. Suaksmacandrasphutanayanam, in 15 verses, beginning with
‘tenaddhaksepi saryal’ kalir atha, an anonymous tract found inscribed
in some of the miscellaneous leaves at the end of a manuscript of
Venvaroha in the private collection of the Elamprakkotattu Mana,

Eravoor (Tripunithura, Kerala), with an incomplete commentary in
Malayalam. |

The two tracts noticed below, found in the same codex in the
said miscellaneous leaves, are also related to the Venvaroha :

4. A short tract in 10 verses, beginning with saksmena dhruva-
samskarahdrakenodayajanmana,

5. Another short tract in 8 verses, beginning with dhipatir-
nalatulyo’nam $ivaduta’hatem dinam.

. It is proposed to bring out a critical edition of these tracts also,
in due course, along with the Vepvdaroha of Madhava.

——————

1. The identification of such works is a problem for the reason that these
short tracts are, more often than not, found inscribed in stray leaves at the
ends of manuscripts and are left uncatalogued as insignificant sets of verses
which do not mak2 up full-fledged texts, Quite often all unidentifiable tracts at
the ends of manuscripts are clubbed together in catalogues under innocuous
titles like Ganitakriya, Jyotisavisayah etc,
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Madhava, the Author

- Ameong the several astute astronomers of Kerala of the middle
ages, Madhava of Sangamagrama holds a position of eminence. Till
recently, he was unknown to the scholarly world, especially outside his
native land. He hailed from the village of Sangamagrama, the
modern Irinjalakkuda, near Cochin, in Central Kerala, the name of
his house being Irafii ninna palli to be identified with one of the
two still existing houses in the village, named Irififianavalli and
Irififidrappalli. This information the author gives in his Venviroha
and is corroborated by his commentator Acyuta.! Madhava was
the teacher of Parame$vara, (A.D. 1360-1455), the promulgator of
the Drgganita school of Kerala astronomy and is frequently quoted in
the mediaeval astronomical literature of Kerala with the appellation
of Golavid ( ‘Adept in Spherics’). Thus Nilakantha Somayaji
(1444-1545 A.D.), while referring to Parameévara in his Aryabhatiya-
Bhasya says : Paramedvaras tu ... Madhavadibhyo ‘Golavidbhyo’
Ganita-gola-yuktir api balya eva samyag grhitva....?  Acyuta
. Pisarati uses the same appellation for Madhava in the introductory
verse to his Sphutanirpaya : vande ‘golavidas’ ca M adhavamukhan etc.

Work_s of Madhava

_ The Venvaroha® depicting a facile method for the computation
of the Moon and the Moon-sentences,® commencing with §ilam

—————

1. Cf. ggmfafesada fagrd o fadmad )
memafy st enfrasmafy wEa: o (verse 13)

Com. in Malayalam . 71aT% fagi? agzifaftsasd w102 fafuzsaeg,
T TeAmfaga wa gerg |\ aged = sifw AR == qfies 1
‘gifea faea ofes’ @i geacis | o2 amfage #7193 |

On this, see K.V. Sarma, Introduction to his edn. of Venvaroha., op, cit.,
PP. &-7.

2. Edn., Trivandrum Sanskrit Series, No. 185, p. 154. For other similar
statements, see ib., p. 75; tac ca Sangamagrdnajena ‘Golatattvavida' Madhavena
pradarditam; p. 108 : ata eva ‘Golavidy Madhavena ksepavatam sphutapabramana-
yane ganitavidegah pradaréitah

3. Cr.ed. by K.V.Sarma, (Tripunithura, 1956), with the Malayalam
commentary of Acyuta.

4. Ed. as Appendix L, below,
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rajiiah $riye were the only works of Madhava known till recently. Tt
has been shown lately! that he isthe author also of Lagnaprakarana
in six chapters, Aganita, an extensive work on the computation of
planets, using novel methodologies and two short tracts entitled
Madhyamanayanaprakara and Mahajyanayanaprakara.  Still another
work possibly composed by him is the Golavada, which seems to
have helped to stabilise his appellation as ‘Golavid’. Sphutacandrapti,
edited here, is the latest addition to his works.2

Besides the said full-fledged works, a number of stray verses of
Madhava are quoted by later astronomers like Nilakantha Somayaji,
Narayanga, commentator of the Lilavati, Sankara, commentator of
Tantrasangraha etc. One of his significant contributions to mathe-
matics, known from these quotations, is his e nunciation of formulae
for.the accurate determination of t&e’ciyiumference of a circle and the
value of = by the method of iggf_t__r_______nmlatg_,series, a method which
was re-discovered in FEurope nearly three hundred years later by
James Gregory ( 1638-75 A.D.) and Gottfried Wilhelm Leibnitz
(1646-1716 A.D.).® His jive paraspara-nyaya contains the enun-
ciation, probably for the first time in India, of the formula for the
sine of the sum of two angles, sine (A+B)=sin A. Cos B + Cos A.
Sine B. The study and interpretation, in terms of modern mathe-
matics, of the enunciations of Madhava in his stray verses and in
his full-fledged works is bound to yield valuable results in the history
of Hindu astronomy.

Date of Madhava

Certain directions given in the Sphutacandrapti give a general
indication of its date of composition. Thus, for the calculation of the
Mean Sun we are asked to subtract from the current Kaliday the

1. See K.V. Sarma, ‘Date of Madhava, a little-known Indian astronomer’,
Quarterly J1. of the Mythic Society, (Bangalore), 49 (1953-59) 183-86; Intro. to
the editon of Venvaroha, pp. 8-9; History of the Kerala school of Hindu
astronomy, (Hoshiarpur, 1972), pp. 51-52, 151.

2, Inmy History of the Kerala school of Hindu astronomy, op. cit.,
pp. 32-33, 117, I had mentioned this text as an anonymous work relatcd
to the Vepvaroha of Madhava. However, acloser examinaticn of the work
with a view to editing it established its being an earlier work of Madhiva
himself,

3. On this, see History of the Kerala school of Hindu astronomy, op. ¢it.,
pp. 20-26.
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Rhanda 15,02,008 and 5180 anomalistic cycles of the Moon. If
there be further days, the number of such days has to be multiplied
by the mean daily motion and added (verses 20-21). This would show
that the work was composed about this time. This date would be
15,02,008 days (Kali 4112, A.D. 1010) plus 5180 anomalistic cycles of
the Moon (390 years), i.e., about 1400 A.D.

Madhava’s recently identified work, Aganita, also gives a clue
to his date. Indicating the Sodhyabda-s (‘deductive years’) for the
computation of the planets, the author states :

1320

AP  ‘AAINY My vadaigar g |
1318

TeagsteY sl acadaifay ge: o

1340

‘TANEY FTARGAAUR}  7HIAA )
1158

¢ \J L) - &

gAguY AmEEIE  awdniatay: )

1301

‘qadiEY adagdud afeide )

1276
‘Aafaayaamweng weadaifwy aw:

The ‘deductive years’ for the different planets Mars etc. are
Saka 1320, 1318, 1340, 1158, 1301 and 1276, corresponding to A.D.
1398, 1396, 1418, 1236, 1379 and 1354. In consonance with the
principle of sodhyabda-s, these figures represent the largest number
of years possible to be cut off for the different planets at the time
when the work was written. The date of composition of the work
would thus, be just ahead of the largest ‘deductive year’ mentioned,
which in the present case, is A.D. 1418.

A clue to the date of birth of Madhava is provided by that of

his younger contemporary and pupil, Parame$vara who was born
c. 1360,

From the above considerations Madhava could be supposed
to have lived between A.D. 1340 and 1425.
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INTRODUCTION

OBJECT OF THE WORK

The Sphutacandrapati Madhava enunciates an easy and ingenious
method which would enable one to compute True Moon at in-
tervals of about 40 minutes cach, throughout the day. Now, amongst
the celestial bodies, the Moon has not only the fastest motion, of
about 13° per day, but also the greatest variation in motion. On
account of this, True Moon for any specific moment if calculated by
the rule of three using its true position and motion, at sunrise, as is
generally done in the case of the other planets, cannot be expected to
give correct results, the possibility of error being as large as 10
vinadikas., Even if the calculation is done using its true position and
motions at sunrise and sunset, the results obtained would still be
far from accurate. Accurate results can be obtained only by the
second or third differences, which, however, would entail inordinate
labour. The method described in the present work obviates this
labour and makes it possible to read out from a chart the True
longitude of the Moon accurately at nine times a day, at intervals
of a little over six and a half n@dikas (2 hrs. 40 min.). From
the True Moon at the quarter (40 min.) of these intervals, the True
Moon at any moment falling within any such 40-minute-interval can
be calculated by the rule of three, to get remarkably accurate results.
The fact that calculations are made correct to seconds adds to the
accuracy of the results.

PRINCIPLE OF THE METHOD

Certain peculiarities of the popular Moon-sentences (Candra-
vakyas) of the Kerala astronomer Vararuci have provided the clue to
our author for devising the method described here. The said
sentences comprise of 248 expressions couched in the Katapayadi
notation and give the longitudinal positions of the Moon for con-
secutive days contained in 9 full lunar anomalistic cycles of 27 days,
33 nadikas and 16-24/55 vindadikas each. These Candravakyas can be
used from the moment when the anomaly is zero, i.e., from the con-
junction of the Moon and its Higher Apsis (Candra-Tunga-yoga),

Sphuja—3 17



18 COMPUTATION OF THE MOON
which occurs at the end of every anomalistic cycle, which may be
at any time of the day and not necessarily at sunrise,

At sunrise, say, on the current day, suppose a full days and b
part-day have gone by since when the anomaly was last zero. This
would mean that we can commence using the Candravakyas, one per
day, from the moment which is exactly (a+b) days before the current
day. Now, let us consider a moment which is b day before the current
day. Since bis only a fraction of a day, this Moment will fall in the
previous day, its nadi-vinadi being the same as the moment of the end
of the cycle a days ago. So, if we add to the Moon’s Dhruva (zero
correction) at the end of the cycle, the Moon-sentence equal to a, the
result will be the True Moon (Candra-Sphuta) for that Moment on
the previous day.

Now, the above argument will apply not only for the end-
moment of the last cycle, but also for the end-moment of any cycle
before that, the corresponding Moments being exactly (a+b)
days+1 cycle, (a-+b) days+2 cycles, (a+b) days+43 cycles etc. before
cunrise on the current day, (i.e.,theend of the final Kalidina, for the
current day). Only, for every additional cycle by which the moment
is pushed backwards, a zero-correction of 3°-4’-73%"", which is the

Dhruva for one cycle, will have to be deducted.

For nine such previous zero anomalies (by the reckoning of
which one full series of 248 days and 248 Candravakyas would be
exhausted), True Moons can be obtained at nine Moments on the day
previous to the current day, i.e., the last day of the Kalidina. The
intervals between consecutive Moments will be a little more than 63
nadikds, and a quarter thereof, for which the longitudes could be
calculated by the rule of three, would be about 40 minutes.

If the true Moons at the nine Moments are required for the
current day and the succeeding days, they could be had by adding
the succeeding relevant Candravakya in place of the vakya first
used. For this reason, when the Moments, Vakyas and True Moons
for any day, during a 248 day period, have been calculated and
duly entered in a Table, the Tables for the further days could be
prepared with ease therefrom.

It is to be noted here that this method depends on the accident
that an anomalistic cycle does not consist of a whole number of days,
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- in which case, one would, again and again, be getting the same longi-
tude and that for the same moment.!

It is again to be noted that, in order to secure a high degree
of accuracy, the author has devised a new set of Moon-sentences,
correct to the second, for use in the calculation of the Moon by the
method set out in the present work,? in place of the commonly used
Candravakyas of Vararuci which are correct only to minutes.?

METHOD OF WORKING

Dhruva-sadhana

In actual working, the author has introduced several ingenious
innovations with a view to lighten the labour involved and to arrive
at quick results. Thus, by calculating backwards, he has arrived at

an Epoch (Khanda-dina), viz., Kael'dina 15,02,008 (dinanamranusasya)
(verse 5), at the end of which a conjunction of the Moon and its
Higher Apsis (Candra-Tunga-Yoga) had occurred. Thus, an ano-
malistic cycle of the Moon commenced at sunrise, at the expiry of the
said Khanda-dina, thereby removing the part-day, viz., b of (a+5)
days (vide supra), and enabling calculations with full days.

For computing the True Moon on any particular day, subtract
the above Khandadina from the Kalidina for that day and find out
the number of completed anomalistic cycles which have gone by
subsequent to the epoch. For this, the remaining days (Khanda-Sesa)
is asked to be multiplied by 6845 ($ivadata) and divided by 188,611 -
(parydp!ahrdaya), the underlying reason being that the period of a
cycle is given by the fraction 138,611/6845 days which works out to
27 days, 33 nadikas, 16-24/55 vinadikas (verse 5). The quotient is
called the ‘First result’ (Agrimaphala).  The further eight results
are also noted by reducing "the quotient progressively by 1, 2 etc.

ey

1. Of course this could be obviated by using, instead of the current
Vakyas, new Vakyas constructed for ractions of days and applying them
appropriately,

2. Fora critical edition of these Moon-sentences, which commence with
Stlam rajhiah driye, see Appendix I, below.

3. For an edition of YVararuci's Candravakyas, see Vakyakarana, Cr. ed.
by T.38.K. Sistri and K. V. Sarma, (K.S.R. Institute, Madras—4, 1962), pp,
12534,
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These nine figures, which are termed Dhruva-sadhana-s, form the
basis for the calculation of the Dhruvas ete. (verse 6).

Example :

Kalidina taken =18,46,496

Subtracting dingnamranusasya =15,02,008

Remainder (Khandasesa) = 3,44,488

No. of completed cycles or ‘First result” _ Khandasesa X $ivaduta

(Agrimaphdla) paryaptahrdaya
_3,44,488 X 6845
1,88,611

=12,502

Remainder =5,638

The nine Dhruva-sadhanas will be 12,502 ; 12,501 ; 12,500;... 12494.

. Moon-sentence-Numbers (Vikya-saitkhya-s)

Next is to be ascertained the serial number of the Vakya, in
the current anomalistic cycle, of the day taken, and those of the
further eight Moments in the preceding eight cycles. Since the
remainder left in the division for getting the fuil cycles gone by
(verse 5) is really the number of days in the current cycle multiplied
by 6845 (sivaduta), the said number can be retrieved by dividing the
remainder by 6845. Again, since the preceding eight Moments will

recede the first Moment successively by one full cycle each, their
vakya-numbers can be ascertained by adding 1,88,611 to the respective
remainders and dividing by 6845 and adding the quotient got to the
immediately preceding vakya-number.

Example (contd.) 1 2 3 4 S 6 7 8 9
Remainders 3 5638 2589 6385 3336 287 4C83 1034 4830 1781
Vakya-numbers : 0 28 55 83 111 138 166 193 221

Zero-Moments (Dbruvakzla-s)

Now, the first Moment (Dhruvakala) falls at Remainder | $ivaduta
days before sunrise of the current day, or, in other words,

1— Remainder §ivaduta—Remainder

sivaduta days, r.e. $ivaduta days,
(6845—Remainder) iy . 12 iy
= - A adikas= 6845———- [ —
6845 % 60 nadikas=( Remainder} 1369 nadikas
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after sunrise on the previous day. The preceding eight Moments
will fall, similariy, at (6845—relevant Remainder) 32; nadikas

(verse 8).
Example (contd.)
Remainder (6845—Remainder) Moment
nad. vina.

1. 5638 1207 10 35
2. 2589 4256 37 18
3. 6385 460 4 2
4, 3336 3509 30 45
5. 287 6558 57 29
6. 4083 2762 . 24 13
7. 1034 5811 50 56
8. 4830 2015 17 40
9. 1781 5064 44 23

Zero-Correction to longitudes (Dhruva-s)

Next is to be ascertained the Zero-corrections at the nine Zero-
Moments (Dhruvakala-s). The two items which go to make up these
corrections are : (1) the Moon’s longitude al epoch, and (2) the
additional longitude due to the cycles which have gone by. For
facilitating calculation, the author has isolated two lumps {Khandas)
of cycles and indicated the corrections due to them : (i) 5105 (mana-
kama) cycles, the longitude due to which added to the zero-correction
at the epoch, viz., Kaliday 15,02,008 (dinanamranusasya), gives a result
ending in complete minutes, being 57-24°-47' (sattvavan ramah), and
(ii) 69 (dhrti) cycles, the longitude due to which, again ending in
complete minutes, is 77-1°-44" (visvaikanathah). For each additional
cycle, the longitude is given as 3°-4'-622" (verse 10), which is
1/69 of 77-1°-44” 1In actual practice, however, it is sufficient to
calculate the correction for the First result (Agrimaphala, verses 5-6) ;
Since the further eight results are successively 1 less than the First,
their corrections can be had by diminishing the previous corrections

by 3°-4'-6 _22 1
73

Example (contd.)

The corrections, in the example taken, calculated as above
would be

() 6 13 120 3717
(i) 6 10 8 30
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(iii) 6 70 4 23"
(ivi 6 4 0 17
(v 6 0 356 10
(vi) 5 27 52 3
(vii) 5§ 24 47 56
(viii) 5 21 43 49
(ix) 5 18 39 42

Table of Longitudes

The above results have now to be adapted for nine Moments in
the Kaliday taken, in order to enable the corresponding longitudes
to be read out with ease. For this the nine Moments are rearranged
in the ascending order and posted in a table with the corresponding
Vakyas, Vakyasankhyas and Dhruvas against each. The sum of the
Vakyas and the Dhruvas will give the Sphuta (True longitude) of the
Moon at the different Moments.

Table
, Vakya- |
Moment | sankhya Vikya Dhruva | True Moon
nd. vina. | l r o " " Jtro " | r o ' "
4 2 55 0 4492 16 7 423 6 11 53 49
10 35 0 o 0 0 0 |6 131237 6 13 12 37
17 40 193 02254 2 |5 214349 6 14 37 51
24 13 138 018 436 52752 3 6 15 56 39
30 45 83 0131511 (6 4 017 6 17 1528
37 18 28 0 82546 |6 10 8 30 6 18 34 16
44 23 221 1 11952 |5 18 39 42 6 19 59 34
50 56 166 0 26 30 30 |5 24 47 56 6 21 18 26
57 29 111 02140 9 6 05610 6 223719

As instructed earlier, the above Chart can be re-adjusted to give
the True Moon for the nine Moments on any other day if the Vakya
for the required day is used in place of the vakya used here.

Corrections for the True Moon

The True Moon read out from the Chart would be correct only
as reckoned from the zero meridian at Ujjain. It has, therefore,
to be reduced to the local place, by the application of corrections
for the Equation of time, Terrestrial longitude and Declensional
Ascensional Difference, before the Chart becomes ready for use.
These corrections are derived in the manner generally prescribed in
astronomical manuals,
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Correction for the Equation of Time (Bhujantara-sarhskara)

In the calculation of the Mean Sun (Sarya-madhyama) required
for this correction, the labour is lightened, again, by the use of a
Khanda. 1t is instructed that for 5180 (adikurma) cycles, the Sun’s
Dhruva is 117-11°-5'-11" (karka$anekakaryakrt). For the further
comBleted cycles, it is 27°9'-28.%" each. That for the days etc,
elapsed in the current cycle is to be found by multiplying the same
by the Mean Daily Motion of the Sun, viz., 59’-8.8-. The sum of these
three would give the Mean Sun, which has to be calculated for the

nine Moments (verses 22-23).

Exumple (contd.) ' Dhruva
First result 12502
Less 5180 (adikarma) cycles 117-11°-5"-11"
Remainder=7322
Dhruva for 7322 cycleé at 27°-9’-28"

per cycle 9-19-14-56
Do. at %" per cycle 35-26
Vakyasankhya of the day=0
Sun’s motion for 0°==0 X 59-8-8;" 0 0 0 o
Mean Sun at sunrise 9 -0-55-33
Mean motion for the relevant
Moment, viz,, 10 na.-35 vina. X 59'-8,8" 10- 26
Mean Sun for First result 9-1-5-59

The Mean Sun minus its Higher Apsis (Mandocca), viz., 27-18°
(dusta stri) will give its Kendra. This Kendra is converted into arc
and its sine read off from the of Table of sines. This divided
by 160 will give the correction for the Equation of Time (Bhujantara-
samskara) in vinadikas (verse 24).

Correction for Terrestrial Longitude

The Correction for Terrestrial Longitude (Desantara-samskara)
depends upon the east-west distance of the place in question from
the Ujjain meridian which is to be known from tradition (verses
25-26),
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Correction for Decl. Ascensional Difference

The R Sine of Sun-plus-precession in the sine table gupodyana
(153) etc. gives the Declensional Ascensional Difference (cara) in
terms of gurvaksaras for places where the equinoctial shadow
measures two angulas. For the place in question it will have to
be derived from the above by the rule of three. The algebraic ¢um
of these three corrections is now to be applied to the Dhruva-kalas
(Zero-Moments) to get the Vakya-kalas (True Zero-Moments). The
sum of the Vakyas and the corresponding Dhruvas will give the
True Moon at these Vakya-kalas (True Zero-Moments) (verse 35).

The True Moons now recorded in the Chart are for intervals of
just over six and a half nadikas (about 2 hrs. 40 min). The True
Moons at one fourth these intervals might now be calculated by the
rule of three posted in the chart so that the Moon at 40-minute
intervals could be read out directly therefrom.
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COMPUTATION OF TRUE MOON
By

MADHAVA OF SANGAMAGRAMA

(Invocation)

1. 1 adore that divine effulgence (God Siva), which removes
the root cause of worldly extistence (ana), is adorned by the river
(viz., Ganges), and is shedding cool moonlight on account of the rays
emanating from the moon ensconced in its crown,

(Object of the work)

2, (Herein below) is expounded the Computation of True
Moon by means of placing, daily, one below the other, nine numeri-
cal expressions ( vakya-s ) as calculated from (the time of ) the
(previous) conjuction of the Moon and its Higher Apsis.

3. (Ifever there be ) one who is not delighted on hearing
about this method, let him not accept it. To be sure, he will not have
the ability (to practise it).

4. Oh! ye good souls! I, Madhava, bow before you and beseech
you. For, what does not one obtain from you who are bent upon
elevating those who bend before you.

(Dhruva-sadhana-s)

5-6. From the elapsed Kalidays (for any desired date) deduct
(a khanda, lump number of days, equal to) 15,02,008 (dinanam-
ranusasya), Multiply the remainder (khandasesa) by 6845 (Sivadata)
and divide by 1,68,611 (paryaptahrdaya).!  The quotient (got is

[ P

1. Rationale : Dinanamranusasya (15,02,008) is a Khanda (Lump of days)
at the end of which the Moon and its Higher Apsis are in conjunction at mean
sunrise at Ujjain, This Lump can, therefore be discarded and calculations need be
based only on the remaining days (Khandadesa). Now, 6345 ($ivaduta) anomalistic
cycles of the Moon are contained in 1886.1 (paryaptahydaya) days. Hence the
anomalistic cycles completed during the Khandadesa is given by the expression :

\ Khandasesa X 6345
188611
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called Dhruva-sddhana and) is to be used for deriving the several
Zero-corrections (Dhruvas) to be used for calculations which will
be enunciated below. The first Dhruva (is to be calculated) using
this quotient itself (Agrimaphala), while the further eight (Dhruvas)
are to be derived from this Dhruva reduced increasingly by 1.

(Moon-Sentence-Numbers)

7. Divide the remainder (in the division in 5) by 6845 (Sivadata).
The quotient obtained will be the first Moon-Sentence-Number
( Vakyasankhya ).! The further (eight Sentence-numbers can be
obtained) in the same manner from the division by 6842 (Sivaduta) of
the successive remainders to which 1,88,611 (paryaptahrdaya) has
been added.

(Zero-Moments)

8. Subtract (each of the nine) remainders (obtained in 7) from
6845 (sivaduta). Multiply the (nine) balances by 12 (priya) and
divide by 1369 (dhrralaya). The (nine) results obtained will be in
nadikds and are (to be called) Zero-Moments (Dhruvakala-s).?

(Zero-Corrections)

9. At the end of 5105 (manakama) (cycles) of the first (Dhruva-
sadhana, viz., the Agrimaphala of 5-6), the Zero-correction, beginning
with minutes, is 57-—24°—27" (sattvavan ramah). For each increase of

1. Rationale : The remainder (of the division in 5) is, in fact, the number
of days in the current anomalistic cycle multiplied by 6845 ($ivadiita); hence

the division of this remainder by 6845 to get days. It may be noted here that since

188611 | . .
6835 2/ days, 33 na, 16 vina., the further Vakyasankhyas will successively

increase by 27 or 28.

2. Rationale :

@ﬂ?‘ﬁ%&%lfﬁgﬁﬁl days=Remainder X 52%57— nadikas

. RE
=Remainder X
emainder 560

nadikas.
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1. Verses 13-14 occur among the extra verses after the close of
the work, They are editorially inserted here in consonance with their
sense and similar occurrence in this context in the Venvarcha, the
revised version of the present work,
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69 (dhrti) (cycles, thereafter), the increase in zero-correction is
71.10.44' (visvaikanatha).l

10. (To get the Dhruva for) the remaining cycles, multiply the
same by 3 (go), getting thereby degrees, by 4 (vi), getting thereby
minutes, and by 7 (su), getting thereby seconds; in the case of
seconds, however, reduce them by 1/23 (of the number of the said

cycles).?
(The Chart)

11. When all the Dhruvas have been calculated (as instructed in
9-10) and so also the Dhruva-kalas (as instructed in 8), arrange them
in (the ascending) order, so that the smallest (DAruvakala) comes
as the first and the largest as the last.

12. Alongside each (of the Dhruvakalas), chart the corres-
ponding Dhruvas with their respective Vakyasankhyas. Chart also
the Phalas which enabled the calculation (of the above), for use
(Iater) in the computation of the Mean Sun.

13-14, Here (in the chart of verses 11-12, above), there will be
apparent a natural order, irrespective of (the two) sides of the day,
viz., day and night, as in climbing a bamboo tree (wherein the
branches will be found equally distributed on its two sides). Thus, the

1. Rationale : 5105 (manakama) anomalistic cycles are chosen in such
a manner that their Dhruva added to the Dhruva of the Khanda 15,02,008,
(dinanamranuéasya ) ends in full minutes and not be carried forward to
seconds. 69 (dhrti) is the least number of anomalistic cycles for which, too, the
Dhruva will end in fuil minutes.

It has to be remembered, in this connection, that the Dhruva
5T.240.27 (sattvavan rémah), includes in it the Dhruva of the elapsed Khanda
also. Therefore 5105 (manakama) cycles should be reduced from the Agrimaphala
only once, even if itis possible to reduce it by 5105 more than once. For further
reductions, 69 (dhrii) and its Dhruyva alone should be made use of,

2. Rationale: For dhrti (69) Kendra cycles, the Moon's Dhruva= dhsti
(69) + visvaikanatha (7r.1060-44'), Dhruva for 1 cycle =

dhrti + vidvaikanatha __  69°.7r-1°_44"
dhrti

69
— 1[01‘_30_4‘_6?1'. — 1-_01-_30.41_ ( 7__1_ rr’
23 23

from which the comboleted 1 circle could be dropped,.
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1. This and the next two lines occur in a slightly different
form among the extra verses after the work, as :
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2. For 7aga the ms. reads gA7, which is wrong. The
emendation is based on the parallel verse in the author’s Venvaroha.

3. This line occurs among the extra verses after the work, as :
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Dhruvas will be, in order, successively greater than the one before,
the Vakyasankhyds being so in the descending order. If otherwise,
the order will be reversed (in both). ' :

15. This method of work has been spelt out for (the benefit) of
one who has forgotten the tradition. Otherwise, one’ would have
an easy understanding thereof from tradition itself,

16-17. When the Vakyasankhya for a (particular) Dhruvakala is
considered, the Vakyasankya next to it will be less than it by 55 ($asa)
or greater than it by 193 (gulika). The (Dhruvas) for these two (viz.,
55 and 193 days) will be given by 3176 (¢tirthakanga) divided by 1035
(mrganika) multiplied, respectively, by 2 (pra) and ‘7 (su). The
results, which will be in degrees, are to be added to or subtracted
from the previous Dhruvas.’ | S

18. When a Dhruvakala has been calculated from a number
(viz., 6845 minus the remainder, vide verse 8), the subsequent
(Dhruvakala-s) would have been derived from numbers increased
by 747 (sarvartha) or 808 (dinadana).®

19. In the case of a succeeding (Dhruvakala), all (the above-
said) corrections should be applied, inversely. In the case of those
removed by one, two or three (intervening Dhruvakalais), the sum
of the (relevant) corrections (should be similarly applied).

20. Again, at 60 nadikas (after or before) a Dhruvakala, the
corresponding Vakyasankhya will increase or decrease by 1. But the
Dhruva will not change. Indeed, this is a universal rule.

1. Rationale : Now , - _tirthakanga - 176 3°.4'-6 2’ ,
mrganika 1035 23
which is the Dhruva for one anomalistic cycle (vide 10). Since one cycle is
equal to 27} days, roughly, (vide verse 7), Dhruva for 2 cycles or 55 days =
tirthakanga

3176 _ pra X
1035 mrganikag

2X

Dhruya for 7 cycles or 183 days=7 X 3176 ==5u X tirthakarnga

1035 myganika °

2. This is demonstrated in the example worked out in tha Introduction
above, p. 21, where the figures are : 460, 1207, 2015, 2762, 3509, 4256, 5064, 5811
and 6558,

Sphu’a——S
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4 (Of opp. page). Rationale : The Dhruvakala-s have been reckoned as
from mean sunrise at Ujjajn. They should be reckoned from true sunrise of
place, which depends on : (i) the Sun's equation of the centre, (ii) the
reduction to the equator, (iii) the longitude of place, and (iv) the declinational
ascensional difference (carardha) at place for that day. Of these, item (ii) is
neglected by earlier astronomners like Aryabhata, and not given by our author
in this work, following Aryabhata, though he must have known its need. Item
(i) is given here.

The equation of the centre is taken as 129' X R Sin Manda-kendra [ 3438
(Arvabhata) and tke True Sun rises earlier or later, as this is negative or
positive, atthe rate of 1 prana of time per minute of arc. Therefore, it is
equal to R. Sin Manda-kendra X 129/ (3438 X 6) = R. Sin Manda-kendra [ 160
in wvinadikas, and is additive for the first six signs of Manda-kendra and
subtractive for the next six.

It may be noted that item (iii) is given in verses 25-26 and item (iv) in
verses 27-32, below,
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(Correction te the Dhruvakala-s)

21. To the Dhruvakalas derived in this manner, along with
their Vakyasankhyas and Dhruvas (verses 16-20), or caiculated in the
manner enunciated before (verses 7-9), another correction has to be
applied. That is stated hereinbelow,

(Mean Sun)

22-23. At the end of 5180 (adikurma) (anomalistic cyles) con-
tained in the first result (Agrimaphala, being the first Dhruvasadhana,
vide verses 5-6), the Mean Sun, correct to the seconds, is 117-119-5’.11""
(karkaSanekakaryakrt).! For each remaining (cycle) the Mean Sun
is (to be calculated at the rate of ) 270.9'.28" (daradhinasukham)
plus 9/31"” (dhi[yuga)* (and added). Again, (is to be calculated and
added, the Mean Sun) for ( the number of days equal to) the
Vakyasankhya and for that portion of the day under consideration
upto the time (of each Dhruvakala).®

(The Correction for the Equation of Time
due to the Equation of the Centre)

24, The sine of arc of the difference between the Mean Sun and
(the Sun’s) Higher Apsis ( viz., 27-18°% dusta stri) divided by 160
(atapa) would give vinddikas.! These should be added (to the

Dhruvakalas) if Sun minus Apsis (Kendra) is less than a half-circle
(67) and subtracted if greater.

—————

1. Rationale : 5180 (@dikurma) is a certain number of anomalistic
cycles, the Mean Sun for which period when added to the Mean Sun of the
Khanda 15,02,008 (dinanamranudasya) gives a result in full seconds, viz,,
lr—1lo_g__j1# (karkaéanekakaryakrt).

2. Rationale: The Mean Motion of the Sun in one anomalistic cycle is

270-9'-2,8—9:— =daradhinasukham-+ dhi
AN yuga

3. The Mean Motion of the Sun for this calculation, as given in the
author's Venyaroha, (verse 38), is 59'-8 —?7 -

4. (See opposite page).
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(Correction for Terrestrial Longitude)

25. Then again, the corrective (vinadikas), on account of the
place (in question) being situated to the east or west of the central
(Ujjain) meridian, (has to be calculated). Its measure (for the place)
is to be known from the traditional knowledge of the learned.

26, Therefore, when the correction in minutes to the Mean
Moon (for the place, as got by tradition) has been found to be
additive or subtractive, the minutes are to be multiplied by 255
($isira) and divided by 56 (tama) and applied inversely as vinadikas.t

(Correction for Declinational Ascensional Difference)

27. The True Sun is then computed and the precession added.
Its R Sine in the Sine Table (below) beginning with 153 (gunodyana)
is then noted in order to compute the Declinational Difference
(Cara-dala).

28-30. Sr. No.  Gurvaksaras (2/5 second)
(1-4) 153 305 457 607
(5-8) 756 903 1048 1190
(9-12) 1320 1464 1595 1721
(13-16) 1840 1953 2059 2156
(17-20) 2245 2323 2301 2448
(21-24) 2493 2525 2544 2551

1. Rationale: Thesun rises at the rate of 10 vinddikds earlier or later,
as the place is 1° east or west of the standard meridian and this is additive or
subtractive, respectively, to get the true Dhruvakala. Expert astronomers find
this time by various means, and usually express it in terms of correction to
the Mean Moon, which, obviously, is negative for the east, and positive for
the west. This is transmitted through tradition to succeeding astronomers.
This can be re-converted into winadikas by multiplying the Moon's correction
by 255 and dividing by 56, since the mean motion in 255 vinadikas is 56°.
Since the correction-vinadikds and the Moon's correction are opposite in sign,
the sign is asked to be reversed.
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AT IYaAT A EATIAT AT FHAAT |
EavcRsiad fawrg Fwd Faw

aar sgaifasiat g aq @I aEIEa: |
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FuanrEasEFy frad g afedn 13w

frrarasaIaiaEasgaa, faaia’ |
[ FFETFHE: |

Ay @y agFara arEaifa TgzEnaT nswn

qIATATIAAY g HIIIIFT: |
qEI qERIAUAT FIEAZEITFITH 113 LN

1. For usex the ms, reads YFqed and for =< at the end of the
line it reads =1q9<, both of which are wrong. The emendation is in

consonance with the parallel lings in the author’s Venvaroha,



OF SANGAMAGRAMA MADHAVA 19

31. It is to be noted that the above (table) gives the half-ascen-
sional differences (Cara-dala) expressed in terms of gurvaksara-s and
pertain to a place where the equinoctial shadow is two fingers’
breadh (angulas).}

32. (When the equinoctial shadow of the place in question is)
less or more than (2 angulas), (the half-ascensional difference) will be
proportional (to the shadow). Its positive or negative nature is to be
understood from the Sayana-Sun being in (the six signs) from aries
(ajadi) or from libra ( jukadi).

33-34a. When the sign of all the threeis the same, (the total
correction) is their sum ; when one is different, (the total correction) is
the difference between it and the sum of the other two. The Vakya-
kila-s duly corrected (as above) will be the (correct) Dhruvakala
(True Dhruva-kala-s).

34b-35a. Fifteen (§uka) nadikas corrected merely by the half-
ascentional difference will give (the length of) the half-day. Those
(Vakyakala-s) which are less than the length of the (full) day (i.e.,
twice the half-day as found above) will fall during daytime and the
other (Vakyakala-s) will fall during night-time.

(True Moon)

35b-36. The sum of the (relevant) Vakyas (Moon-sentences)
and the (relevant) Dhruvas will give the True Moon-s (at those
Vakyakala-s). The True Moon (for times) in between (two Vakya-
kala-s) will have be calculated by interpolation. The Moon’s motion
during an interval is the difference between the two (relevant) True
Moons (and hence the said interpolation).

1. This would cottespond to a region having a latituda of 91-", like Central

Kerala, from where the author of this work hailed.
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(Another method for True Moon at any time during the interval)

37. (Another method to derive the True Moon at any desired
time is now stated. If the desired time is ) later (than the
Vakyakala nearest to it), some add 221 (kathora) to the Vakyasankhya
and (if the desired time is) earlier, subtract from it 220 (nisthura).

Or perform the operation with 27 (sukha) and 28 (duhkha), applied
in the reverse order.! :

38. Multiply the difference, i.e., the rate of the daily motion
of the Vakya got, by the desired time, in nadikas, -and divide the
product by 60 (nati). The result should be added to the Moon’s

longitude (of the relevant Vakyakala) if (the desired time) is later
and subtractad if earlier.

(True Sun at desired time)

39. In the case of the Sun, too, (its True position at any desired
time) can be computed using its True Motion, Computation of the

True Sun can be done also by finding the Mean Sun (at the time)
using its Mean Motion.

40. R Cosine of the Mean Sun-minus-Higher Apsis is to be
divided by 1550 (armasaya) and the result applied to the Sun’s Mean
Motion, positively (when it is) in the six signs beginning with
Cancer (Karki) and negatively in the six signs beginning with
Capricorn (Nakra).2 The True (Daily) Motion of the Sun is got.

1. Rationale :

Subtraction of 27 from above or addition of 28 from
below gives the

mid-vakya, whose rate is taken as the average for the interval.
This rate being for one day or 60 nadikas, the division by 60 is done. Addition
of 221 isthe same as subtraction of 27, and subtraction of 220 is the same as
adding 28, the total being 248, Either can be chosen according to convenience,

2. Rationale : Since the Sun’s equation of centre is proportional to the
Sin  Manda-kendra, the variation in it causing true daily motion is
proportionate to the Cosine, and, therefove, zero at 90° and 270° of Kendra,

Sun's

Sphuta—6
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8 31
qEHEH AT ‘SAArfs gEear gaiaYE |
fagaia  fafaarg qgda sasEl nwgll

107-27°-3"-10" 6'-8°-56'-50"
‘gemrgaraal g freagagaiaa’

ArAEETAATE: fgegafad fag nwlw
107-25°=4"-25" 6*-10°-55'~35"
A3 afmar’ ‘g ghiafadaT’

Al  gewsgAY {4l shaIrwafEat vl

‘TqeaqeagAeaer g fagaar afa:
fasrftaaneqia: qfgia aseaat 1exll

JARTRGIGHIT TgAY  JACHT |
AGFAAEAY  gERINAfagdy v ul

qgUsd qFT: FAgFAAIEAT |
g fg acdezal facd waasiRaIg I e

1. This verse occurs among the ex'ra verses after the work and
has been inserted here in consonance with its parallel verse in the

author’s Venvaroha.
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41. Alternatively, take the reading for Sun-minus-Higher Apsis
in the Sine Table beginning with janena.! Add toit 1/31 (yugarsa)
of itself and apply the result, taken as seconds, to the Mean Motion
of the Sun, its being positive or negative being the same as before,
(i.e., as stated previous verse). (The Sun’s True Motion is got).

42. The two positions of the True Sun (in its course) correct to
seconds, when its daily motion is exactly 1°, are 10r-270-3’'-10"
(istanganasakho nityam), and 67-8°-56'-50" (nisSesamadanartinut).

43. The Mean Sun-s at these positions are, according to
Aryabhata, 107-25°-4'-25" ($auriva na$ §ironamyah) and 67-100-55'-35""
($mli $usminiketanah).

44. When the (true) position (Sphuta) (of the Sun) is equal to its
Higher Apsis, it will have the slowest motion. And, when it is equal
to its Lower Apsis, it will have its fastest motion.

45. The corrections prescribed for the Dhruvakalas are to be
(computed and) applied also to the mnemonics for the Sun’s transits
(from one sign to another) so that correct results might be obtained.

46. This correction can be applied inversely also to the
Ahargana (Total number of Kalidays up to the current day). - When
corrected in this manner, it will give the True Ahargana which
elapsed at sunrise (on that day).

1. Thisis the table of the Mandajyas of the Sun enunciated in the

Grahacaranibandhana of Haridatta (ed. K.V, Satma, K.S.R. Institute, Madras,
1954, p. 19) :

8 17 25 33 41 49 57 64
-8 w7 gAT qoT fafgar 237 ai@q @@ adan
72 78 85 91 97 102 107 112
(916) AT A AT AMgd gAY WA AT wIF |
116 119 121 124 126 128 129 129
(17-24) qTE GIFAEY qWET WAEF WT GPET  qUT G |\

These are the Sun’s equation of the centre for every 3%° of Kendra
beginning from 0°¢ to 90° These are proportionate to Sin Kendra. When shifted
by 90° so as to begin from 90° onwards, these will be equal to the Cosines, and
proportionate to the wvariations in the equation of the centre causing the
true motion. Since the constant variation is 1/60 X (1+1/31) of 129, the
instruction to take it ps seconds etg.
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b g ]
S5161 87
“FR FHfAGE e waed ‘asar’zan
35 2717

SEAITHA GG @ Farwagafaqg iyl

fecar  facareas wfwzsifeges fagrga: |
AN AEHIFIAAT  qadaq ¥s))

[ aeagarfea: |

JIFATTEIEY JFqar TFga=aT |
fag sar guafr awesh azeg a0 nva

gfa wfeaca gRgra g7 g/a @@ garm )
HAfaq gfaar warar gt afad 9fF nyon

12°-2'-35"
wite s fd gear wrx gag fafaa |

fafacarfes atsased a0 33gmrefa nyon®

[ sfa agrmms-wga-gar
TEIRFIIE: GAIAT | )

1. Verses 47-48 occur among the extra verses at the close of
the work and are inserted here as required by their sense and propriety,

2. For geaar qiggq=3<r, the ms. reads, TFHIATUTLL | The
correction follows its parallel verse in the author’s Venvaroha.

3. After this occur 7% verses, obviously written by Madhava
himself, (see Preface, p. 10), 2} of them being revised versions of
verses in the text, The rest have been fitted into this edition on ths
basis of the paralle] verses in the author’s Fenvaroha,
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(Node)

47-48. The first result (Agrimaphala of verses 5-6) is reduced by
5161 (kantam karma) and multiplied by 87 (sadana). From the result
subtract 35 (mal/a) and add to the remainder its 277th (samsara)
part. (The resuit obtained is in) minutes and "is to be subtracted
from 67 to get (the position of) the Node. 1Its position for the
(different) Vakyakalas is to be computed proportionately using the
Vakyasankhya-s in the same manner as that prescribed for the Sun.t

(Conclusion)

49, Stating but this much and that in a succinct manner,
possibly certain details might have been left out by me, at places,
under the presumption that those (details) are (generally) known.
May all those (details) be before your (mind’s eye).

50.  With a view to dispel the doubts of good men, the motion
of the Moon has been set out in a proper manaer, concisely, by a
man of intellect (which I consider myself to be).

51. By the very same person who composed the set of Moon-
sentences, beginning with $ilam rajiah sriye (12°-2'-35"), correct
to the seconds, has this work, too, been composed.

(Thus ends
THE COMPUTATION OF TRUE MOON

by Madhava of Sangamagrima)

—————

1. Rationale : It is taken that the motion of the Node is (87+87/277)
minutes per Moon's anomalistic cycle. At 5161 Moon's anomalistic cycles
after the Khanda-dina, the Kgepa for the Node is (354-35/277) minutes,
negative. Hence the subtraction of 35. Since the Nede's motion is retrograde,
the total result is to be subtracted from the position of the Node at the
beginning of Kali, which is 6 r&éis. The use of proportion for the days gone
during the current cycle is obvious, the motion of the Node being uniform,
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FRAAT-ATITZAT
‘| uw fad'anfy
1
ffrafE-gmaenia
Vakya No. Vakya Ra$i* Bhaga® Kala' Vikala"
1.  otw e fad? 0 12 2 35
2. fufng asawm 0 24 8 39
3. <= gy A’ 1 6 21 33
4 aueat afgsw: @a| 1 18 44 16
5. G tcE SRE TS o8 2 1 19 17
6. dray fa wrese 2 14 8 28
7.  S4TFG g 2 27 12 59
8.  eaat slwrgEHAl 3 10 33 6
9. gt @ faTw 3 24 8 21
10, atfc avy @@ 4 7 57 25
11, geadmiaza:’ 4 21 58 18

— ———

1. This critical edition of the Vakyas is based on the following four
independent mss. : A. Kerala Univ,, Ms. No. MC 595-A ;
B. Trivandrum Palace, No. 4116-B ; C. Ker. Univ., No. C.
2297-C ; D. Kutallar Meletattu Mana Ms,

2. A.&;B. 7:; D gar fad=arsearq | Some of the Vakyas in B
and D are entirely different and represent different versions.

3. A. 3t; B 3}

4. A.for 9ga:, A reads a3, a scribal error on account of
similarity in the Malayalam script,

46
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Vakya No. Viakya Rasi* Bhaga® Kalg' Vikala"”
12, =aul S g 5 6 8 21
13, arigaat frae 5 20 24 31
14 famost waag! 6 4 43 25
15. = arrfqafa: 6 19 1 30
16,  afcordsgaemr 7 315 21
17. wfaszcat war 7 17 21 41
18. FAAFAGTT: 8 1 17 35
19. AT 7 ggeam 8 15 0 42
20. fatrardsfgam: 8 28 29 20
21. I faweal: 9 11 42 31
22.  ®aAt mar f{aad 9 24 40 6
23.  dafeegat aF 10 7 22 48
24. AN AGATAIRN: 10 19 52 4
25.  aafawd fadat 11 2 10 a
26. W "afagga: 11 14 19 32
27.  vgs) fafcfzaame: 11 26 23 37
28. eaeqatar fg° 0 8 25 46
29.  eidifend= 0 20 29 29
30.  wad) gAEAY 1 2 38 12
31, @m® wwoaw: faq 1 14 55 7
32.  wrAaYest gEryg 1 27 23 3
33.  wigsafaastog 2 10 4 11
34, agq Ak sl 2 23 0 6

1. D. emuraf afaar 2. B. fanzgr, corrupt,

3. A, ram, corrupt, 4. A, QM

5. B. mrasfy: 6. C Breaks off with this word,
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Vakya No. Vakya
35. sret: gfeqaaar:?
36. ey wafa: fae
317. qAY ANSFIAT°
38, adfaz = wfa:
39. TAAT FeqeI:
40. gar® aAurFIN
41. Agsat wygerenr
42. ma Mz fagat
43,  agwisfaaea:
44, WG {sdsd
45, amay MAE:
46. Ay am fagsn
47. migar 1 faq®
48. @t g1’ afwafa:
49, Tuiq amges’
50. AR AASFAAT &g
51. wmstr Aifeadiasa
52, g SRy gfeaan
53.  9q funaamaeg
54. dinfaNastax
55.  erereat G
56. gatsaRfas
57. Ay eqronai:

1, A, F«mn

3. A gd-

5. A, @INSAFH

7. B. g

Rasi

W

‘OOOOOQNJO\O\'JILAMAAUJ

10
10
11
11

2.
4,
6.

8.

*  PBhaga® Kald'
6 11
19 38
3 20
17 14
1 20
15 33
29 51
14 10
28 26
12 37
26 39
10 30
24 6
7 28
20 34
3 25
16 2
28 26
10 39
22 46
4 49
16 51
28 57
A, ~FAT Al
D, gy
B, D. fasaq
A. gmfaesy

Vikala'

35
33
9
47
6
17
5
3
41
34
35
3
53

42

54
44

13

9
59
39
26
51
23
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Vakya No. Vikya Rasi* Bhaga® Kala' Vikala"
58. % AT =eaq 1 11 9 23
59. UCIEC I GDIE 1 23 30 53
60. gutaisarafass:? 2 6 4 27
61 T TIRY dearfc 2 18 52 2
62.  wmwraar A 3 1 54 50
63. qAIA: FIAII: 3 15 13 16
64. JUHT g AT 3 28 46 54
65. TF WA 4 i2 34 33
66. aqedtafasedn 4 26 34 16
61. RAIFANSTAN: 5 10 43 28
68. ggaiaiaTag 5 24 59 7
69. qmsqar afag 6 9 17 53
70.  fapar wedfy:s 6 23 36 14
71 @gq aga=g 7 7 50 43
72,  AFEAA I&: 7 21 58 0
73. mea: frgaga: 8 5 55 11
74.  yzdldenE: 8 19 39 48

' 75. st swaqiseg fasl 9 3 10 3
76. erarfeeatafa. 9 16 24 56
71. wrafade: wag 9 29 24 14
78. g grAran fReay 10 12 8 29
79. Al @y Az 10 24 39 8
80.  mEmeETIE AT 11 6 58 15
81.  wr nigAisfas: 9z 11 19 8 30
82. st muatas 0 1 13 0

1. D. ga&t afqarfass; 2. D. st

3. D. {ar]=dfa: 4. D. mErsgaraaeyy:

5. B, wqfsaR
Sphuta—7
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Vakya No. Vakya Raii® Bhaga® Kald' Vikala"
83. gau: wifoza: 0 13. 15 11
£4. At fafaar 0 25 18 33
85. eaieg’ MFAIT: 1 7 26 34
86.  @rmd afus @ 1 19 42 27
87. ARy =R 2 2 9 3
88. fanrgafast 2 14 48 39
89. fafa ame: 2 217 42 55
90. gfAAT Agal 3 10 52 40
91.  wRfsE: QA H: 3 24 17 59
92. Arge fagAsqa 4 7 58 4
93. Al qREITEN: 4 21 51 22
94. famrmmsniAsRT 5 5 55 39
95.  WAEAT AW: 5 20 8 8
96, qaT: A AN 6 4 25 35
97. = § Waafa 6 18 44 36
98. feAlsAy O 7 3 1 39
99, datsra: geamEt 7 17 13 19

100. FFZ1A° QTG 8 1 16 26
101,  qmY wAHT: 8 15 8 17
102. HiAaalsgE: 8 28 46 40
103. s’ 9 12 10 11
104.  wARG AN 9 25 18 5
105. FaAAT IR AHA: 10 8 10 34

1. B.g (wrong) 2. D, srasrAl

3. B. ddifsara a7 4, B.D. g~gra:

5. B.D. = 6. B, awd

7. B. — 7faafa: (corrupt) ; D. #rat arat sl

8. D. sqaq1sqd 91qt



Vakya Na.

106.
107.
108.
109.
110.
111.
112.

113.
114.

115.
116.
117.
118,
119.
120.
121.

122,
123,

124,
125.
12¢.
127.
128.
129,

P I ol
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Vakya

YT get agank:

fasd maer gwE’

FATZIY HEATTT:

L GRS UK

mAaLy THe
wgsaf faqizt®
HET: YA

g TN RIRI

fanated fgroag
Y GG
g=at sitanfyest
ARG FEANFT
AAT ATHI QAT
fanat s T
quTs qaEl FEA
FizANSY HIATT:
fangaamenq
gEATEga:
w31 anafa:
gitont 7 atgfa
qUTET HqY°
wrawsfwat @l
qEIY AN 939
Tased aifa’

D. fayrfwraaas:
B. faqd
B. dig gufisama:

B, fas FAT;

Rasit

10
11
11
11

o

00 00 ~ 3 A o th o th o ob P W W N e e

Bhaga®
20 48
3 13
15 28
21 35
9 38
21 41
3 46
15 57
28 17
10 49
23 35
6 36
19 53
3 25
17 11
1 10
15 18
29 33
13 52
28 10
12 25
26 34
10 32
24 18
2. B.aa
4. B.sar
6, B. arfgay

Kala' Vikala”

32
44
32
49
53

9
10

19
39

48
46
53
36
39
51
21
39
46
21
56
59
13
37
42
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Vakya No. Vakya Rasi* Bhaga® Kald@ Vikald"
130. awatsfa gaag: 9 7 50 37
131, WG g 9 21 7 12
132, gfezald faar Ao 10 4 8 10
133.  armifaag sawg 10 16 54 0
134,  sitam: siw< frewg! 10 29 26 2
135.  ggzfa wg swga 11 11 46 17
136. FiesaAr mxafee: 11 23 57 21
1317, wivzara: 0 6 2 20
138,  sozwigw 0 18 4 36
139. sgafegaisgaa:? 1 0 7 41
140. FIATAT SATEIHTT: 1 12 15 1
141, srgwIgT aoar 1 24 29 54
142, sigeoy arefqcs: 2 6 55 12
143, gt stefamisy 2 19 33 18
144, eareT IIshAa: 3 2 25 54
145, TR FIAIT: 3 15 33 57
146. Fardt geaQi® 3 28 57 36
147. RILI CIRECEE 4 12 36 7
148, faatzafa: wa: 4 26 28 4
149, @rear oy faamigt 5 10 31 17
150, qedt iAo 5 24 43 1
151. SCHERELEL | 6 9 0 6
152. qarfamrg e 6 23 19 7
153. sitaragr Ay 7 7 36 32
154. gafeaAq 9ug: 7 21 48 59

1. B. WAFFIT A 2. B. fgrasaaa

3. AW 4, D. ginfaaa;



Vakya No.

155.
156.
157,
158.
159,
160,
161.
162,
163.
164.
165.
166.
167.
168.
169.
170,
171.
172,
173,
174,
175.
176.

MADHAVA'S CANDRAVAKYAS

Vakya
gAY ot WY
afrgeatawar
feza: sfrueafafs:
H1T: ®Ueg AT
aaar mifaai aeat
Mmeufaz faaEl
A JAEAZAT:
NFEATSSATT IeqTe:
wagar e’
fas’qfies:
fazaiferay wwaw
[ay « Ayl
mATNAT |FAsq"
qRIon® ArgET:
FIATgFIAAN:
WY A AFL:
SqEIsE SIS

afeaay 215 FATA”

arasAlesr fawer
ATEASTAT AAT F
ateay): saq T

Frateg arfiadtsHi®

A. 3= sitfaar awa: (corrupt)

D. fauul
B, guu

D. gagisy sfqa:

2
4
6

8.

Bhaga® Kala'
5 53
19 46
3 26
16 51
0 1
12 55
25 34
8 1
20 17
2 24
14 28
26 30
8 35
20 45
3 4
15 35
28 19
11 19
24 34
8 4
21 49
5 46

Vikala"

9
21
18

29

6
13
42
12

0
58
18
30

3

21
33
18
42

7

8
13
17

33

53

. D.qd ad@m Fa(:)en(q)

D. ML

. D. 998: F=A

B. g@re=gsay

B, armfgid (corrupt) ; D. @arfiatsH
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Vakya No, Vakya Rasi* Bhaga® Kala' Vikalad"

177, AweATfasiy: 5 19 53 55
178. gaT Fgatan’ 6 4 8 27
179, a:Fiafestafa 6 18 26 49
180. Fuiat TG 7 2 45 34
181, FAFIRTG: AN 7 17 0 32
182, |]i+:Y° 7 FIAMT: 8 1 10 19
183, FRYAL A0 8 15 9 35
184. Tt wgr: 8 28 57 26
185. arArsAgifesany: 9 12 30 57
186. AT QAT LS 9 25 49 15
187. qsit gafedlara: 10 8 51 55

188. =gt dinea: ars: eata® 10 21 39 22
189. gafaal)’ faams: 11 4 12 50
190, fasissaar aifswea® 11 16 34 14

191, gacaIgaiasaam® 11 28 46 9
192.  gaanfasn 0 10 51 38
193, ssi facozate 0 22 54 2
194.  quusdt sivwaean 1 4 56 51
195. Aqi' atma: qea: 1 17 3 34
196.  gfe Qeal qam® 1 29 17 28
197. diqwat aag 2 11 41 31

e r— .7 T ————

I. B.D, a=ifas fqeta: 2. D. qgeafasgr
3. B.ari:; D. geq: 4. B. -feaaix: ; D, guqige
5. D. ggasrar gzt 6. D. g1 qgraaEaq
7. B. gfaan 8. B.wg¥eg *°-
9. D, swgar 9aY fran: earg 10. D. garaiq gufe:
11. B. zanyf 12, B. gumq
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Vakya No. Vakya Rasi* PBhaga® Kala' Vikala'
198. e Ky Jfss:! 2 24 18 7
199. RIAYT: AIFT° 3 7 9 5
200. qE. ® A TR 3 20 15 26
201. AR et T ar 4 3 37 23
202. wLrwealsat qad 4 17 14 21
203.  aufegdta famm 5 1 4 56
204. GAFAGIA: 5 15 7 2
205.  gw avagifeonn’ 5 29 17 58
206. st fazraufa 6 13 34 38
207. afasiar qeafa 6 27 53 37
208.  gEwIE® R9E: 7 12 11 23
2C9. qITSAT NTCATAL: 7 26 24 31
210, fasiTnads 8 10 29 45
211, Tt i fged’ 8 24 24 16
212. AIFFATAIAAISH 9 8 5 45
213. & wAEwArg.’ 9 21 32 35
214. aeway gat fram 10 4 43 56
215. sHliunsgwEIFg’ 10 17 39 42
216.  FzmAT MFAATR 11 0 20 44
217.  umfedusg qean 11 12 48 32
218.  sluwAmR Wawar® 11 25 5 22
219.  SNEWA 9T 0 7 14 2

D. qrarfaamay qra:
B.D, grfeor:

1. D. qdg: qgufx: 2
3. 4
5. D.#Fe - 6. B. =71 A9y
7. 8
9. 0

D. $T9: 91977719

D. gawg) qa3i fg B. syglvgiasgy

D. sam ssaifa fasq 10, D. 54y AAweg:
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Vakya No.
220,
221,
222,
223,
224,
225,
226.
2217.
228.
229.
230.
231.
232.
233.
234,
235.
236.
237.
238.
239,

240.
241,
242,

A Sttt

APPENDIX 1

Vakya
drwegatatsan’
amrfag’® wqF°
aferss geagsaq
FIAT qAt ALT:
aganat aw
qHAL ATEAREL:
Jrafgt e
FAIZAT HAGI:
It N TG
qtaaAy avgar
qzRY =T A
guistiasEag
qatay: eFfor:
wrent atfaqT gw:
g ‘FreaHIsTIq:
I eIy

NI qraeay
gafseq at AT
wig: aatfasy fz
FATFIF 3
g garge
gg: FAIALFAA:

ATMe FANJIATEA

1. D. fa(a)rar: sz

3. D.=\M geegral—

5. D. gew(a) ar aqy1 fz

Rasi* Bhaga®

0 19
1 1
1 13
1 25
2 7
2 20
3 3
3 16
3 29
4 12
4 26
5 10
5 24
6 8
6 23
7 7
7 21
8 5
8 19
9 3
9 17
10 0
0

1 13

Kala’

17
19
23
33
Sl
20
3
1
14
43
26
22
29
43
1
20

36
46
47
36
11
31
35

2. B, grarfys:

4, B. aq for q2

6. D. gui

Vikala"
43
52
59
31
36
59
48
32
51
37
51
52
16
10
16
10
18
17
4
1
8
7

26



MADHAVA'S CANDRAVAKYAS 57
Vakya No. Vakya Rasi® Bhaga® Kala' Vikala'

243, areshasfaaearn 10 26 24 33

244,  fegvdlEgimas: 11 8 59 27
245. THATC AT 11 21 22 4
246. HiHY qad: 0 3 . 34 54
247. qAT AWAER 0 15 40 95
248. aiatatgTe 0 27 43 29

[ gfa agawmra-mas-fafaafa

fafacarf-zzaarfa 1 |

1. B. awsfefag faean 3 D, sawzeg afas:

2. D. qusiy gay

3.  Ms. B carries the following two verificatory verses which set out a
method for checking, in case of doubt, the correctness of any Sentence in the
above Table :

248
gszaedlT- 43+ acafanfiry o

genETEAtaaTg fgymafaataarg o

225
famu'sasardld sfaavd aag sy |

szaraT waleEsen ud ey armaEa )

Trans.: 248 {devendra) minus the number of the desired (i.e., the
doubtful) Sentence is (tobe termed) the former's Complementary Sentence
(pratiyogika). Take the (two) Sentences above and below it and find their differ-
ence, Subtract from this difference twicz the Initial Sentence of the Table
(viz., dilam rajfiah srive). Divide this difference by 225 (éikhara) and subtract
the quotient from the Complementary Sentence, Subtract the Remainder from
the Final Sentence (of the Table, viz., dhiragir bhasura). The result will be

Sphuga—8



£4 . APPENDIX I

the correct figures of the Cesired (i e. dcultiu)) Serterce. Thusis (stated) the
‘Checking of the Sentences",

Example :
Let the no. of the doubtful Sentence be 50
Complementary Sentence, (248—50)=198
r o F) ‘.
Sentence above Do., viz.,, 199 = 3 7 9 5
Do. below Do., viz., 197 = 2 11 41 31
Difference 25 27 34
Twice the Initial Sentence, 2X(0-12.2.25)= 24 5 10
Difference 1 22 24
Do. divided by 225, i.e., correction = 22
Complementary Sentence (193) = 2 24 18 7
Correction 22
Diffetence (i.e., Corrected Compl. Sent,) = 2 24 17 45
Final Sentence (248) == (12) 27 43 29
Final minus Cor. Compl. Sent, = 10 3 25 44

It may be noted that that the result is the value of the desired 50th

Sentence, viz., bhave smaro'agandnam syat,

In ms. D, in continuation of the vakyas, the initial letters (pratika-s),
according to this ms., of vakyanumbars 11, 21, 31 etc. are given, obviously for
facilitating recollection :

an @n (31) (a1) (51) (61)

g FIT sEEl wESMY WmEslt A

(7) (81) o1 (101) (111) (121)
T, # AT g qaay ugeaf HiET
(131) s AasD (161) (171) @181)
JEATA: AFAT @ EEEE g3g:  qufg
(191) (2J1) (211) (221) (231 (241)

g9 WA qeEy AT WA qq:



MADHAVA'S CANDRAVAKYAS : 59

Ms. D then continues with a verse for checking the correctness of any
doubtful Sentence :
248

gergen - 2y -qrATafa (sz)Fy |
@eatatfaauatafaauy (fn)asr'ags n
€ A FERTAM |

Trans.: (Sentence number) 248 (devendra) minus the number of the
desired (i.e., doubtful) Sentence (will give the number of the complementary
Sentence) ; this (Sentence) when subtracted from the Final Sentence will give
the (Rough) desired Sentence, (which needs the following correction). Find the
difference between the Sentence just above (the desired Sentence) and the one
bzlow it, halve his difference and divide by 112 (priyaka). Add the quotient to
(Rough) desired Sentence (as found above. The result will be the correct
desired Sentence). This is (the method) to derive the (doubtful) Sentence).

Example :
Rough desired Sentence

Let the no. of the desired Sentence be 50

248 (devendra) minus 50 =198
tr o ' ”

The Final Sentence (248) = (12) 27 43 29

Do. minus Sentence 198 = 2 24 18 7

Rough desired Sentence = 10 3 25 22
Correction

Sentence just above (199) = 3 7 9 5

Do. just below (197) = 2 11 41 31

Difference 25 27 34

Half of difference 12 43 47

Initial Sentence 12 2 35

Difference 41 —_i;

Divided by 112, i.e., Correction 22
Correct desired Sentence

Correction added to the Rough ééntem:e _ 10 3 25 22

It may te noted that this is tke 50th Serterce, Hate tmarcfigarisim
syat,



qIFT R
AT

57-10°-7'-40"- 48" 27-27°33".7"-1 2"

fefa 73 arg f=wrd, s ¥ar & gu o)
77-6°-57'-31"-0" 67-22°-45"-7"-12"

w3 frwr arafomd, s e fafag oo

37-24°-37'-26"-24"’ 6™-15°-4'-19"-12"
@A, U g yafew garan |
17-4°-30'-43""-12"" 117-16°-50"-52"-48""

foaaal auaasa, FaEs 99 FTEE 0N

9 qI? FAT AW raRages |
qTAT*ATATHSEY TATFH gegIrErfa 03 n

1. These three versss give the zero-corrections, correct to fat-
para-s (1/60th of a second) for Moon etc. per yuga (acon, of
2,10,385 days). The verses occur in the Grahac@ranibandhana (1.17-19)
of Haridatta (A.D. 683) the basic manual of the Parahita school of
Kerala astronomy (E4. by K.V. Sarma, K.S, Res. Inst,, Madras-4,
1954), preceded by the following verses :

AZARAFAT €41 ‘=397 (2,10,389) gaqg ngw
* * 8
FgTATE Faig gramfgafaan |

ufrwzstaarfagmarsT gaatday u s

2. @3 w9ar (corrupt), for wd FHaur, which latter has been
restored from the Grahacaranibandhana.

60



APPENDIX |1
ZERO-CORRECTIONS FOR THE AEON

T o ! e

Moon 5 10 7 40 48
Mars 2 2733 7 12
Mercury 7 6 57 31 0
Jupiter 6 2245 7 12
Venus 3 24 37 26 24
Saturn 6 15 4 19 12
Moon’s Higher Apsis 1 4 30 43 12

Moon’s Node 11 16 50 52 48

Foot by foot, (the above verses) are to be understood. s
(giving) the Zero-corrections, correct to the fafparg (l/ 60th second), to

the planets from Moon to Node, in order, per acon.

6l



AT
wfaga gosr: ANT-TH A AT

AAGT AF: wgeA’ ‘wEniyY @ S |
AT TFEFTA qAT DA 0 3 0

TAOET gFAY g eqrrEAEaT |
WY AEAREEY Cqrgaiar wd g R

‘Argifaad suang’ eofaiset qAeaid’ |
‘eftag: e A Frer 34 feas FaY 103 1
WEIRTT A0 ‘Ffra g 9@ 97
TR AZIAT ‘aarrarg: @R 07 )
‘MAISTA: Y ‘FI551 WARIFAT 1|
A A maARY e faveifaa: s 0oy
e 021 qAR WwIF afaF 7T qraEA
U A Gy=aY fgramaaa 1og
‘TR A7 ‘gd faaifaay et
SR B L0 1 01 ) Ui i € TR
‘FEIEY AF T e FAL: T
‘Fqus: greeAl AT ‘qrfwAaEdas T 0 s
W faar a8’ srafaszeqarar’ |
AT wEr A ST et A g on ] )

‘AN FAR ‘SYmf s |
‘fasaaqal [y ‘@AdsT I 91T 0 Qo

TFqT A1 AN F19’ Fraeqrofyar JA9°
A AT AT DNAsH WG @A o9

FRAIHIAT N7 =AY faamm: gyfese: |
Faweia: sgeasz@amst sar fedtdsfaa u g3
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APPENDIX IIi

SOME LUMP DAYS AND THEIR TRUE-MOON-
ZERO-CORRECTIONS

Lump Days Zero-Corrections
Rasi® Bhaga® Kala' Vikalg”

16,45,705 5 1 37 34
16,33,333 7 3 49 24
16,20,961 9 6 1 14
16,08,589 11 8 13 4
15,21,985 1 23 35 56
12,372 9 27 43 10
12,124 9 0 4 41
9093 9 22 33 31
6062 10 15 2 21
3031 11 7 31 11
2976 11 2 41 44
2728 10 4 58 15
2481 9 7 14 47
2232 8 9 31 18
1984 7 11 47 49
1736 6 14 4 21
1488 5 16 20 52
1240 4 18 37 23
992 3 20 53 58
744 2 23 10 26
496 1 25 26 57
248 0 27 43 29

In the first part of each half-verse, the number of days to be
deducted are indicated. And, in the second part, the True Moon,

being (also) the corresponding Zero-correction, correct to the second
(vikala), has been indicated,
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AFRATHST-AI9E-FaT

TFEAGIA:
st igwafnsT

gAreacafast 13 a
wageaAtea 24 b
AT FHIA 2 a
FAFIZIY 1 b

wq fear geafaTid App. 1L 1 b
gFney fafacarfz 22 b
afensasauadly 19 a
AZAASAT AFT: 46 a
wifemafrase 22 a
qIReqay Fear 11 b
sfa afaca adgiq 50 a
%o 399 919 21 a
ggaat a7 App. App. Ill, 7 a
ZAY qeAEgat 43 b
zaal fafeasr: 26 a
gsrgAraal faw 42 a
gadqft qFemq 14 a
uFfgsasak 19 19 b
CFIEAT S[aFIT 16 a
w1¢ fas3y 9% 37 a
Fieq FHfade 97 47 a
#afaq gfaar 50 b

Hifesareaizragar 40 b
YiEE wATAE 28 a
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qUIF RS MG 27 b
gEwueIFfaz 31 b

Mar Aagrs3T App. IIL. 4 b
Hug: geqeiar App. 111 8 b
FULATAAEFIUT 34 b
Frar gyadt 31 a

T 9 FIFE: ¥ 34 a

97 wASAGIEINT 15b

qd: gategRaT 18 b
gatazausy 36 a

qaisfa® g a=atar 10 a

aq gArfasEi g 32 a
qEHTIRETATHET 24 a

qewA 91 A9A1E 41 a

aar q=aeay 39 b

qarax fagedsz 38 a

ITAT EFHREAT 12 b
afgai awgaraifg 25 b

q%q  qEHTIAT 36 b
AEFIFIT qrevH: 17 a
Y |r A9 App. IIL. 6a
JuIET gaug 28 b
ITIITETTHT 6 b
aursfawey 33 a



INDEX OF VERSES | A5

ag sggag®ift 35 b
dard gFqA e 12 a
FrUAAgE 23 a
framatsadiaig: 35 a
fafe ag mig App. 11. 1 a
draqyrgaEdtd S a

&3 midY g7 App- 1. 11 b

&g faar 7aq App. 111 9 a
gfaaifadgor 13 b

q39 fggaseged 38 b
gUAAr figuar 29 a

Hist Agagady App. Il 2 b

qATAAZAT 8 b
é:\raaan%rsf‘cr qq%. 18a
AEY A 21 b
TAFTAFTHERTL 45 a
qarzq qonfaad 29 b
ArfigseTgisad 20 a
fasflaaneara: 44 b

A war {79 App. 111 9 b

qrararamasay App. 11, 3 b
qrarsa Jaat App. 11 2 a
412 912 741 App. II. 3 a
9% a=y9gd 8 a

qurEy SUY 4 a

Nedg araamasg 2 b
THETHENIIGEY 15 a
SEAFRAHATT 47 b

T G0 GE@TAr 25 a

Sphuta—9

fgamat araasq App. 11 2b
Si@sA; TAT App. 111 S a
a-qa < fafafaar 30 b

AZIHMTT 33971 App. 111, 4 a
AT qOAEAT 4 b
WRTATFAIATAT: 42 b

T gFey Jacq 33 b

qA|T ¥ wqea: App. IILL 1 a
qg:afercaqaiey 7 b

qafasg guwarg App. IIl. 3 a
TalwARITEAqr 37 b

i AT a1y App. IL 5 b
T =E A9l App. 11 7 b
AYAY J9 FGAT 6 a

facqifs a<aarg 9 a

wlel TgIEgHar App. 11 1 b
qzdqEyT 49a
FIEIAAAUF App. I1. 2 a
qrFagEar way areq: 20 b
FIFTGEATIAIT Yq: 23 b

IAGEAIIATE 9197 48 b
FrFagETTARINISHT 14 b

fasara: sheseR: App. LI 12 ¢
fazsa fafqearg 41 b
fagidadad 39 a

fawsg s wimfg 17 b
fafaenfes ama 51 b

fqegaaaY ST App. III. 10 b
gy gxzar App. 111, 8 a



COMPUTATION OF TRUE MOON

sqegEguiga 26 b

qIEAT g: 16 b
fatzauwaiaig 1 a

famgmga S b

fagufisfat 30 a

farezr<y faagarar 7 a

sl s faTr 51 a; App. 1. 1
g Afkgqara. 43 a
sgiend @A App. 11 10 a
agatn% gFrisfEad 3 a
gATEEeIg i App. I11. 12 a
g % faggsamEzg 9 b

g fz aeaezar faca 46 b

arafresr gaitg 11 a
TIARSHSATFIRY 32 b

fag wear quéfs 49 b
gy faseizag 10 b
gdgFAaEdqg 45 b

sqsar arg A1 App. II. 11 a2
ety N a1 App. 1L, 3b
SEETS) q39i 27 a

tqu; €arsAlT 40 a
caedamfgFIRT 3 b
fAeaqeadal: 44 a

fgear focamas 48 a

araare: sitdt App. 1IL 6 b




